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ABSTRACT
The United States Coast and Geodetic Survey’s Epicenter 
Cards show that about 700 earthquakes of Magnitude between 
4 i and 6 i occurred in the Central Aleutians, 170®E to 
165°W, between January 1, 1966 and January 1, 1970. The epi­
centers are concentrated, geographically, in a narrow arc-like 
belt 250 km wide parallel to the axis of the Aleutian Trench, 
extending from about 50 km South of the trench to about 200 
km North of this axis.
The magnitude-frequency plot of the data set gives a "b” 
value of -0.86 which implies a recurrence time of 176 years 
for earthquakes of Magnitude about 8.5 • No variation of ”b” 
with depth is detected.
The average rate of strain release by earthquakes is 
11 “3.5 x 10 (ergs)2 per year . Most of this is released within 
the upper 50 km of the Crust. The variation of strain release 
with depth is a consequence of the variation in the number of 
seismic events with depth. Either the rate of strain accumula­
tion or the mode of release or both must be depth dependent*.
During 1970 and 1971, continuous direct observations of 
secular strain changes were made by three strain observatories 
in this area. Large strain "episodes” were observed • If it 
be assumed that these episodes are the result of creep, then
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the cumulative contribution of creep, to the total strain 
release regime, is about the same as the contribution of 
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INTRODUCTION
The increased interest in earthquake prediction in the 
last decade , has brought about a renovated interest in 
the study of seismicity • This area of study involves the 
estimation of tectonically significant parameters involving 
time, geometry, and energy, that are derivable from the 
spatial, temporal and size distribution of natural seismic 
sources. In a "partial list” of five problems that Prank 
Press (1969) 9 considers need to be solved , is included as 
number two , the "Strain accumulation and release in seis­
mic belts with seismicity as a parameter".
The Geophysics Department of the Colorado School of Mines 
has a particular interest in strain release, because in the 
course of other studies, it has deployed in the Aleutian
Island Arc one of the largest and more complete networks of 
strainmeters in the world.
In the analysis of the data obtained during the years 
in which these strain devices have been in operation, some
1
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large novel strain episodes have been observed in this 
region . If the episodes are caused by creep , then aseis- 
mic strain release is present.
The Colorado School of Mines in its continued inter-
% i 0
est in the study of the strain behavior in this region , 
directed toward the solution of the earthquake prediction 
problem, has proposed a continuation of this scientific ef­
fort, and the deployment of more strain measurement instru­
ments. As it can be seen, then , the Aleutian Island Arc is 
now an area of prime interest for the Colorado School of 
Mines in its seismic studies program.
In the past few years, other seismologists, such as :
L. Sykes , Stauder , G. Plafker , D. Willis , E. Engdahl, 
and others, have worked on seismic studies of the island 
arc. 'These authors, however, emphasized in their individual 
work certain particular aspects of the seismic activity of 
this region , such as : the seismicity in the island arc as 
determined from big events only (L.Sykes, 1971) 9 the source 
mechanisms of individual big events (Stauder, 1966 ) , a 
comparative study of the Alaskan earthquake of 1964 and 
the Chilean earthquake of I960 (Plafker, 1972 ) , a statis­
tical study of seismicity of the entire island arc directed 
toward the prediction of natural events in relation to the 
Cannikin atomic test (Willis, 1971 ), and a study of seis-
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micity in the vicinity of Amchitka island during several 
years (Engdahl , 1971 ), etc.
None, of these papers was constrained by the Aleutian 
strain data now available at Colorado School of Mines .
Nor were they directed toward the solution of certain pro­
blems raised by that data , particularly the possible im­
portance of aseismic creep as a mode of strain release.
This paper deals with only those seismic events that 
occur in the central part of the arc, where there are sever­
al strainmeter sites of the previously mentioned C.S.M. 
network. The area is limited by the 170°E and 165°W meridi­
ans , and the 48°N and 58°N parallels , and corresponds to 
two of Engdahl* s (1971) ’’blocks” of seismic activity.
This paper synthesizes the United States Coast and 
Geodetic Survey’s epicenter data , certain published works, 
and some of the Colorado School of Mines strain data, in 
an attempt to reach a defensible compromise estimate of 
the various parameters pertinent to the seismicity of this 
limited region.
In order to do this, the subject will be organized 
into three main sections , theoretical considerations' , 
data presentation , and an analytical discussion.
1. Theoretical Considerations , under this heading,
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Figure 1 . Map of the Aleutian Island Arc.
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the various parameters that are commonly used to quantify 
the seismicity will be specified and discussed. These pa­
rameters will be categorized in two main types : (a) direc-
/ *■tly observable : epicenter location, origin time , and
» • 
magnitude; and (b) deduced parameters : energy and strain
released,
2. Data Presentation , in this section an attempt
to display the data and to determine the value of these para­
meters from the specific data set is made.
3. Analytical Discussion , the objective of this 
section is to analyzed and discuss the different parameters 
related to strain release , trying to get a grip on reasona­
ble arguments that constitute the grounds for compromise.
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THEORETICAL CONSIDERATIONS
In this section a distinction is made between the 
"observed" and "deduced1* parameters related to seismic events 
The "observed" parameters are related to the space, time, 
and magnitude distribution of earthquakes, and are indepen­
dent of assumptions regarding the nature of the source.The 
"deduced" parameters are, the associated strain and energy, 
whose estimations do involve certain assumptions about the 
nature of the source.
In studies of the spatial distribution of earthquakesf 
it is common practice to use maps and cross sections; this 
allows the observation of patterns of surface and depth 
distributions of seismic events. Studies of this nature have 
permitted to earlier investigators to hypothesize the idea 
of the presence of a dipping slab of crustal oceanic mate­
rials under the Aleutian arc.
Display of the distribution of the earthquakes in time 
is also a common practice in seismicity studies ; this allows 
the recognition of the occurrence of swarms of earthquakes 
in time, the occurrence of any uniform pattern of elastic 
energy release , and the association of seismic activity
7
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with possible trigger mechanisms, (explosions, fluid injec­
tion, reservoir loading, etc. ), whose history is known 
independently.
Regarding a quantitative estimation of the size 
of earthquakes , the Richter magnitude scale is commonly 
used. The body-wave magnitude (Richter, 1958 ), will be 
used throughout this paper.
Gutenberg and Richter, (1954 ), found a relationship 
between the magnitude M and the number of earthquakes in 
a region for a certain time interval , that is , the frequen­
cy "n" of earthquakes in such a region with magnitude M +AM. 
This relation is expressed by the formula : 
log n = oC - /3 (M - 8)
In this formula the constants and are difficult
to determine and so, this relationship was later simplified 
and expressed as :
log1Q N = A - b M 
Where N is the number of earthquakes per unit time interval 
with magnitude M. The value of "A” , is the logarithm of 
the total number of earthquakes of magnitude zero. This 
value is dependent on the length of the time interval , and 
on the size of the region considered. The value of "b" , 
indicates the relative proportion of earthquakes with high
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and low magnitudes. "It has been observed that if the ener­
gy released pattern is preserved in time and space within 
a region , for the case of a large number of earthquakes, 
the value "b" is independent of the length of time and the 
size of the region considered". (Duda, 1965)*
The preceding expression, also allows the determina­
tion of the recurrence times of seismic events of different 
magnitudes, within the sample region studied. Given the 
values of "A" and "b" , which characterize the sample region 
and the length "T" of the sample time , one may insert any 
"M" value of interest and calculate the associated "N" .
This "N", is the number of events of magnitude "M" , anti­
cipated to occur during the time "T" • The recurrence time 
for this magnitude M is then , T / N •
Eaton (1970 ), in his analysis of the aftershock 
sequence for the 1966 Parkfield-Cholame, California, earth­
quake , found that the slope "b" of the log N versus M curve 
is a function of focal depth in that area. It is -0.94 for 
events shallower than 6 km , and the ”b" value is -0.73 for 
events deeper than 6 km. For subdivisions in depth for every 
2 km, he obtained the following results.
Depth in km. 2-4 4-6 6-8 8-10 10-12 12-14
Slope "b" -1.03 -0.97 -0.84 -0.61 -0.87 -0.95
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'He is not certain to what to attribute these varia­
tions, but he advances some possible relations , like the 
accidental irregularities in the slip-surface geometry , 
some local peculiarity in the rock types in contact across 
the slip-surface , or depth controlled variations in the 
behavior of rocks composing the earth’s crust.The possibili­
ty of a variation of this nature in the "b" value for the 
area under study here, will be examined in a later section.
Prom the parameters observed in an earthquake, certain 
other interesting characteristic numbers can be determined, 
if certain critical assumptions are made. These numbers are 
those that have been called above, the "deduced parameters" 
and include the energy and strain released in an eaxthquake.
During the past few years, an increasing proportion 
of the time devoted to seismic research has been in the field 
of physical mechanisms that explain the occurrence of catas­
trophic release of seismic energy.
The following paragraphs represent a review of some 
of the ideas, proposed by several investigators, regarding 
the physical processes involved in the release of seismic 
energy in the upper layers of the earth.
Among the mechanisms proposed to explain the strain 
release in seismic events is the stick-slip phenomenon •
This mechanism is based upon the "snapping" effect in brittle
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materials subjected to shear under high pressure • It was 
thus proposed that earthquakes can occur by stick-slip in 
appropiate rocks at depths between 3 to 5 km and 20 Inn , 
below which this type of behavior would be precluded by
r •
the high temperatures and pressures expected at greater 
depths .
The solid-solid phase change has recently been consid­
er by several investigators as an alternative source of seis­
mic energy at depth. Very rapid transitions of this kind , 
where no latent heat is involved were observed by Bridgman 
(1549)• Randall (1964 ), concludes that the strain associ­
ated with these seismogenic transitions , known to occur 
in the outer mantle, are sufficient, assuming a fast reac­
tion rate, to yield earthquakes from much smaller volumes 
that are needed when the strain released is elastic.
Hydrous-anhydrous phase changes as a weakening mecha­
nism in seismogenesis have been also considered. In experi­
ments with serpentinite, Raleigh, (1965) found a high strength 
at low temperatures , ductility at intermediate temperatures 
and embrittlement with loss of strength at high temperatures. 
The high temperature behavior was shorn to be associated 
with the reaction :
Serpentinite = olivine + talc + water 
Embrittlement results from dehydration , and weakening from
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increase vapour pressure, together with reduced cohesion 
in solid products. (Evison, 1968).
Griggs, (1972), in his comments about the idea of a 
sinking lithosphere and its relation to focal mechanisms, 
says a multitude of recent reliable earthquake mecha­
nism solutions in island arcs (largely by the Lamont group), 
yield a consistent set of three types : (1) shallow normal 
faults, (2) underthrust faults at depths of 10 to 100 km, 
and (3) intermediate and deep solutions indicating compres­
sion (or ocassionally extension ) parallel to the dip of 
the Benioff seismic zone”. He explains the first mechanism 
using Stauder*s hypothesis, saying that :** the bending of 
the foundering lithospheric plate causes graben-type normal 
faulting on its upper surface ". For the second type of me­
chanism he makes use of the Global Tectonics, saying that :
" mechanism (2) is the result of shearing interaction be­
tween the foundering plate and its passive neighbor". In 
summary he assumes that conventional fracture and stick- 
slip behavior, facilitated by high water pressure from the 
sediments entrained by the downgoing plate suffices to ex­
plain these two classes of earthquakes without appeal to 
the phase-change mechanism. To explain the mechanisms relat­
ed to the occurrence of intermediate and deep-focus earth-
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quakes, he links them to the thermal and mechanical history 
of* the sinking lithospheric slab*
Duda, (1965)> also considers two main mechanisms for 
the origin of the seismic energy in an earthquake in rela­
tion to its focal depth. For shallow and intermediate depth 
events, he considers that "the seismic energy originates 
from the reduction of a mechanical stress accumulated around 
a fault ". For deep events he considers that the seismic 
energy " originates from the dynamical effect of a change 
of state of the material, caused by pressure and temperature 
conditions". He refers to this last process as "the release 
of energy of state".
In the Aleutian Island Arc , where it has been ob­
served that only seismic events of shallow and intermediate 
focal depth exist, it is assumed that the Griggs’s mechanisms 
involving shallow normal faults as well as underthrust faults 
at depth are adequate to explain the seismic activity in 
this island arc , and therefore the contribution of phase- 
changes may be ignored.
With respect to energy, Bath (1963)9 among other seis­
mologists obtained a quantitative expression that relates 
the energy of an earthquake and its magnitude, this expres­
sion is :
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log10E = 9.8 + 1.8 M
Where :
E *= energy in, ergs.
M is the Richter Magnitude (lib) •
Determination of the energy associated with an 
earthquake, in this way, permits one to sum the energy re­
lease in a given area over unit time and consider energy 
budgets, the relative size of proposed trigger mechanisms, 
etc.
A relation of proportionality between the strain 
release in an earthquake and the square root of the earth­
quake energy , was proposed by Benioff in 1951, and has 
been widely accepted. In his method he assumes that an earth­
quake is generated by the elastic rebound of a volume "V” 
of rock, having an average elastic constant ’y4-" , and an 
average elastic strain ”e" , preceding the earthquake. The 
energy "E" stored in the rock as elastic strain is there­
fore :
E = ̂ J L  e2 V (1)
He also assumed that there exists almost complete conver­
sion of strain energy into seismic waves, so "E" is a.lso 
considered to be the earthquake energy . It is very 
difficult to determine y  and "V" , so he assumed them to
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be constant for a fault system.
(1) can be expressed as :
#  = ( \ v )* e (2)
or simply :
= C e (3)
Where: C = ( -iyt. V ) i
Expression (3) in words says that :M the square root of the
earthquake energy is proportional to the strain released”,
and this is the basis of the classical analysis that will 
be used in the Data Presentation of this report.
Using Bath’s relation, the preceding expression can 
be written as :
log e = \  log E = 4.9 + 0.9 M (4)■40 c. 10
Where ”e” is a scalar measure of the strain release asso­
ciated with an earthquake of magnitude M.
’’Expression (4) implies that the following quanti­
ties are constant : (a) the fraction of the potential
strain ;(b) the elastic parameters ; and (c) the volume of
rock, for every earthquake. The elastic parameters certain­
ly vary with depth but within the range of 33-600 km the 
square root of the elastic parameters concerned varies 
roughly between 0.8 and l.lx 10^ cgs. For this reason the
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assumption of constant elastic parameters is very well per- 
mitted in a first approximation". (Bath , 1963)*
It iB known that the rupture length (L), the area of
pthe rupture surface L ) , and the volume of rock invol-
•5ved (^  L ) , all increase with increasing magnitude • No 
exact relation between any of these parameters and magni­
tude , so far given, has been widely accepted.
The following is a hypothetical illustrative tabula­
tion of reasonable estimates of the energy "E", the rupture
2 3length "L" , the zone area "L " , the volume "L ", and the
relative number "N" of earthquakes of various magnitudes , 
between 4 1/4 and 8 1/4 . The variation of "N" with magni-* 
tude "BN* is taken from the following relationship , previous­
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Various seismologists, have hypothesized one or an­
other of these various relations between the fault length 
and the strain released in an-earthquake.
Beriioff's idea , tfhat a constant volume of rock is
r •involved in every seismic event of different magnitude is 
misleading , because , as it is seen in table I , it gives 
an almost constant value for the cumulative strain release 
( N -VS ), for each magnitude, during a given period of time 
thus implying that the sum of the strain release by the 
normal large number of small earthquakes is comparable to 
that released by a single event of great magnitude.
In the preceding table I, it can be seen that the 
product of the number of earthquakes times the rupture 
length , (NL ) is also almost constant, decreasing slightly 
with increasing magnitude. These facts may lead to a mis­
conception regarding the relative importance of small event 
Other authors, such as Chi-Yu king and Leon Khopoff, 
(1968), considered it to be more appropiate to relate the 
strain released in an earthquake to the areal surface of
the rupture zone associated with the event . Table I also
oshows the variation of the product (NL*") with magnitude , 
that is , the product of the cumulative areal surface of 
the zones associated with the earthquakes.
The volume of rock related with an earthquake has
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been considered by some other authors, (Tsuboi, 1956) , in 
the search for an explanation of the strain release in such 
an event :. Table I , shows the variation with magnitude of
f, *■
the product of the cumulative number of earthquakes times% t #
the volume involved, (NL^) .
Both the areal and the volumetric conceptions of the 
strain release regime show that the contributions of the 
small earthquakes are almost insignificant.
At this stage, the problem of choosing between these 
alternative hypotheses , for the moment, v/ill be left as it 
is, and in a later section an attempt to discuss it in more 
detail will be made.
It is important to note that an estimate of the strain 
released in a region, made by using the seismic data and its 
related parameters, could be compared with an independent 
estimate made by using direct observation of strain relief 
as recorded by strainmeters . Though this last source of 
information, at present, is just in its beginning stages , 
and only fragmentary information is available , it will be 
shown later that , in the future, direct strain observations 
might well play an important role in determining the energy 
budget of an active zone and thereby contribute to the solu­
tion of the earthquake prediction problem.
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BATA PRESENTATION
In the study of the seismic strain release in the 
Aleutian Island Arc for the time interval 1966 to 1970, 
earthquakes of magnitudes greater than 3.5 have been 
considered • The epicenter information used was taken from 
the United States Coast and Geodetic Survey’s Preliminary 
Epi.central Determination Cards. The geographical location 
of the seismic events are given in latitude and longitude 
to the nearest tenth of a degree, but it has to be consid­
ered that this degree of accuracy can hardly be claimed to 
be exact . Epicenters located between the 164°W and 170°E
meridians and the 48°N and 58°N parallels, are the only 
ones used here.
In this island arc , it has been observed that there 
are no seismic events deeper than 250 km . The seismic shocks 
were therefore divided only into two main groups : Shallow 
events from 0 to 50 km of depth , and intermediate-depth 
events from 50 to 250 km. All earthquakes , shallow and 
intermediate depth , were treated in exactly the same manner 
in all calculations. The seismic data will be displayed in 
two.main subsections , one will deal with the parameters
20
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directly observed, and the other will display the values 
deduced from the preceding parameters ; both sets of data 
will be analyzed, in as much as possible, following a same 
order, that'is, spatial, time and size* considerations.
A list of all seismic events used in the present 
study is given as an appendix at the end of this report.
Observed Parameters
Spatial Distribution
Seismicity in earlier studies was considered almost 
a synonym for the geographical distribution of earthquake 
epicenters. " The word ’seismicity* in itself expresses 
such a picture of earthquake generating process inside the 
earth that can be obtained from the record of seismograms. 
Therefore the quality of this picture will depend on the 
quality of the seismological method utilized in the analysis 
of seismograms" (Aki, 1968) . In short it can be said that 
the study of seismicity , is the synthesis of the results 
obtained from the analysis of seismograms with respect to 
the determination of the location , magnitude and even may­
be of the source mechanism of each event.
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Earthquakes of shallow and intermediate depth are
evidence of mechanical adjustment to stress. It is clear 
that the crust behaves in part as a brittle shell encasing 
the earth, then any change in overall planetary volume , 
for example, would result in a global pattern of crustal 
strain and stress. Present seismicity therefore ,is related 
to the pattern of stress relief, rather than being the mecha­
nism responsible for the overall pattern of geological 
fracturing.
The present distribution of earthquakes does exhibit 
a global pattern, but it is a peculiar one , most of the 
seismic activity is confined to the perimeter of the Pacific 
Ocean basin , in association with island arcs and trenches.
It is in this global pattern that we find the Aleutian Is­
land arc.
The geographical distribution of epicenters for shallow 
and intermediate depth events is shown in figures,3 ,4 , 5
and 6 » respectively • These maps cover the entire area
of study • At first sight, there is evident a. characteristic 
pattern of distribution , that is , the epicenters are con­
centrated and aligned in a narrow trend, following the shape 




















Geographical epicentral locations. 1966-1970. 








Figure 4 . Geographic epicentral locations. 1966-1970. 
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Figure 5* Q-eographic epicentral locations • 1966-1970.
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. Geographic epicentral locations . 1966-1970. 
Intermediate depth events : 75 k m < h <  250 km.
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It can be seen from these figures that most of the 
earthquakes are shallow focus events, ( h^ 75 Ion). The 
depth distribution show that there is a displacement in 
the geographical location of the intermediate depth events 
to he north in comparison to that of the shallow ones .
This fact is in accord with the hypothesis of the existence 
of a northwestward dipping slab under this island arc.
During the time studied there was a concentration of 
epicenters in the western portion of this area, figure 4 *
which is more noteworthily observed for the case of inter­
mediate depth events . The distribution along the arc is 
not continuous and some gaps are observed • Relative con* 
centrations of epicenters in some portions of the island 
arc , have suggested the idea of the presence of independent 
blocks of seismic activity, ( Major , 1971 and Engdah.1,1971) • 
Source mechanism studies by Stauder ( 1972 )> in two of these 
hypothesized quasi-independent blocks of seismic activity, 
the Delaroff islands and the Rat islands blocks, support 
the preceding assumption that there exist quasi-independent
blocks within the Arc.
Figures 7 , 8 , 9  ,10 , and 11, are vertical North- 
South sections which show the annual distribution , in lati­
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of study for the years 1966 to 1970 respectively.
The seismic events were distributed in a limited lati­
tude range , between 50°^ and 56°N , with a relative concen­
tration of mostly shallow focus events'between 51° and 54° N. 
They had a depth range distribution between 5 and 250 km , 
with a relative concentration between 10 and 75 km . There i 
a noteworthy absence of events below 75 Ion at low latitude 
This anomalous inactive zone is bounded by a linear trend 
dipping at almost 45°,which reaches the surface at about 
50.25°N ; a few foca,l locations in the depth range 175-250 
km escape this generalization. This kind of distribution, 
sometimes referred to as a Benioff zone , is one of the 
bases for the hypothesized existence of a Northwest dipping 
slab of crustal materials under this island arc. A few shal­
low events were located near 50°N and are therefore south 
of the axis of the Aleutian Trench , it has been determined 
( Stauder, 1966 ), that other earthquakes in similar loca­
tions have source mechanisms different from those North of
the trench, and that South of the trench there are no deep 
events.
Figures 12 , 13 , 14 , 15 f and 16 , are vertical East- 
West sections which show the annual distribution , in Lon­
























































































































































































































































































































area of study for the years 1966 to 1970 respectively.
They show a non-monotonous spatial distribution .The
intermediate depth events are located mostly in the center /. *■
part of the Longitude-range considered, that is between
V  f •
about 178°E and 168°W • This zone of intermediate depth 
activity corresponds to the extent of the assumed quasi­
independent Delaroff Islands block of activity • The absence 
of deep events in the adjacent Hat Island block (170°E to 
180° ) might be indicative of a different mechanism of ener­
gy release at depth in the Hat Island block.
The persistence of ocurrence of earthquakes in this 
region , from year to year , at very nearly the same depths 
and very close to each other suggests operative causes which 
are similar in nature and which repeat themselves through 
time, that is , seismogenic processes that are almost continu­
ous in time.
Figures 17, 18, 19, 20, and 21, show the annual dis 
tribution , in number of earthquakes and depth , of all 
earthquakes detected within the area of study for the years 
1966 to 1970 respectively . Figure 22, shows the cumulative 
distribution. There have been included all shocks with mag­
nitude ranging from 3*5 up, and they have been summed over 





















































































































































































































































































































corresponding to the approximate accuracy of focal depth 
determinations* A sizable number of earthquakes of focal
depths less than 25 -km occurred during the entire time inter-
/. *■
val , but this depth range is not the most active , this 
characteristic is also observed in the annual distributions* 
All figures show a maximum in the number of events in the 
depth range between 25 and 50 Ion , and therefore we conclude 
that perhaps there was a maximum occurrence at some depth 
less than 50 1cm, perhaps around 33 km . There is a sharp 
decrease in the number of events with focal depths between 
50 and 125 km • This behavior is shown by the least-squares 
fit calculated for this depth range :
ioglO N = 3.995 - 0.024 h
The same trend, activity decreasing with depth, at a more 
gentle rate is observed for the events in the depth range 
125 to 250 km* A least-squares fit gives :
ioglO N = 1.252 - 0.002 h
There were not seismic events below 250 Ion of depth , in 
this limited area during the time span considered.
Holmes , et al (1971 ), says : "Earthquake mechanisms 
studies in the vicinity of the Amchitka island , indicate 
that the Pacific sea floor is moving Northwestward under 
the Aleutian Arc , along a megathrust fault plane dipping
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15°- 20° at a depth approximately 40 km beneath the islands. 
The seismic profiles seem to show oceanic acoustic basement 
dipping 10° beneath the landward wall of the trench . The 
acoustic fault plane and the focal mechanism fault plane 
are aligned to a remarkable degree, indicating an increasing 
dip of the thrust plane beneath the islands”.
Malahoff ( 1971 ), in his reported gravimetric studies 
in the island arc concludes that : ” A +150 mgal free-air 
gravity anomaly with a 26 km thick crust , a -150 mgal free- 
air anomaly with a 14 km thick crust and a +50 mgal free- 
air anomaly with a 10 km thick crust gives the best fit 
model for the near shore trench and ocean crust enviroments. 
The study suggests underthrusting of oceanic crust beneath 
the Aleutian Arc”.
Seismic profiling and gravimetric studies quoted here, 
give results that lead to a tectonic model that is similar 
to the one assumed from the observation of the spatial dis­
tribution of earthquake locations used in this report , that 
is, the presence of a Northwestward dipping slab under this 
island arc.
Time Distribution
A total of 937 earthquakes , plus an atomic explosion 
( Milrow ), have been included in this time analysis. It is
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“understood however, that since only the earthquakes regis­
tered and reported by the stations of the World Wide Standard 
Seismic Network have been considered, this list is incom­
plete, due to sensitivity problems of the recording instru­
ments • In general the number of undetected small events is 
not of great importance in the determination of the seismi­
city , the energy or the strain release in a region. Figure 
N°23, shows the histogram of the annual number of earthquakes 
with focal depths down to 75 km , that is, corresponding 
to the shallow events * This histogram shows that there was 
a decrease in the number of earthquakes from 1966 to 1970, 
a least-squares fit to this trend gives the following ex­
pression for the iiumber, N(t), of shallow events per year: 
N(t) = 245.8 - 27.0 t 
where "t" is time in years after 1966. This suggests a de­
crease of almost 10 percent per year , and therefore can 
not be a secular trend.
Figure 23 B, shows the histogram of the annual number 
of earthquakes with focal depths between 75 and 250 km .
This histogram , by contrast , shows that there was a slight 
increase in the number of earthquakes in this depth range 
for this limited time span •
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of seismic events , and shows that the extreme values vary 
by almost 10:1 , clearly samples of data covering only a
few months can not provide a reliable index to the average 
seismicity of this region.
Magnitude Distribution
To determine the frequency of earthquakes in relation 
to their magnitudes , the classical relationship :
log10 N = A + b M 
proposed by Gutemberg and ftichter (1954) , was used.
A plot of the number "N" of earthquakes against their 
corresponding magnitude was drawn ,(Figure 25).
Inspection of this figure shows that there is a maxi­
mum in the number of earthquakes detected at about magnitude 
4.2 , the decrease in the number of earthquakes of magnitudes 
less than 4.2 is interpreted to be the result of failure 
to detect some of these small events and does not represent 
a real decrease in the number of such events.
In the determination of "A” and "b" , therefore , 
only the magnitude range (4.2 to 6.5 ) in which the num­
ber of earthquakes may be assumed to be complete is considered. 
From this diagram , after a least-squares fit to the pairs 



























m a g n i t u d e
Figure N°25. Magnitude-Frequeney plot for earthquake 
during the period 1966-1970. 
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m a g n i t u d e
Figure N*26. . Magnitude-Frequency plot for earthquakes 
during the period 1966-1970 , with focal 
depths < 50 km.
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M A G N I T U D E
Figure N*27 • Magnitude-Frequency plot for earthquakes 
during the period 1966-1970 , with focal 
depths > 50 km.
log10 N = 4.54 - 0.72 M
T 1469 55
"A" = 5.76 and
"b" = -0.86
To test any gross dependence of the "b" value on focal 
depth , the total number* of events were subdivided in two 
groups , those shallower than 50 km , and those deeper than 
50 km , and log-̂ Q N versus magnitude M curves were dr a ™  
for both groups , Figures 26 , and 27 • A least-squares
fit to the two data sets gives the following relations, for 
shallow- and intermediate-depth events respectively:
log10 N = 5.21 - 0.77 M and
log1Q N = 4.54 - 0.72 M
The "b” values determined for events in these two depth




The cumulative strain release, 2-E2, as deduced from 
the magnitude of earthquakes , was plotted for selected 
depth ranges , corresponding to those used in the study 
of the depth distribution of earthquakes focus . The results 
are shown in Figures 28, 29, 30, 31, 32, and 33 , i.e. , 







































































































































































































































to show the annual strain release distributed in depth • 
There was a good proportion of strain release in the first 
25 km of depth , an increment of this amount with depth is 
observed in the following 25 km . It is likely that the 
strain release has a maximum at some shallow depth, perhaps 
around 33 km , and decreases to a low value closer to the 
surface of the earth . A. least-squares fit gives the equa­
tion that represents a trend of a slight decrease of strain 
release in the depth range of 50 to 125 km .
ioglO e = 3.18 - 0.02 h 
This general characteristic of strain release decrement 
with depth is also observed in the depth range between 125 
to 250 km , but in this last case, there are some superim­
posed variations , this is expected, because of the number 
of earthquakes that occurred at these depths.
There were no seismic events below 250 km , and conse­
quently these plots show no elastic strain release at these 
depths, at least for the time-span under investigation . A 
diminution of strain release , with depth, is observed to 
be a general characteristic for this limited region . A 
comparative analysis of the graphic representation of the 
variation of the. number of earthquakes with increasing depth 
(Figure 22 ), as well as its counterpart ,. the strain
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release vs depth., (Figure 28 ), shows an almost perfect 
parallelism , meaning that the variation of strain
release with increasing depth is mainly a consequence of 
*. *
the variation of the number of shocks with depth • A result
* •
of the preceding is that the average strain release per 
earthquake , that is, the (e / N) vs depth curve (Figure 
34 ), shows only an insignificant decrease with depth . A 
least-squares fit gives :
log1Q e/ft = 0.493 - 0.002 h 
These strain release vs depth curves are only one 
clue to the general conditions within the earth , One limi­
tation on the interpretation of these curves is that only 
strain which has produced elastic waves appears in this 
evaluation. Aseismic strain release , though it may be 
important , is not detected by these measurements.
The rate of strain release , both seismic and aseismic 
is dependent on two main factors : the rate of strain accu­
mulation and the mode of relea.se of this strain • Surely 
without past accumulation there will be no release . This 
accumulation is assumed to be mainly due to slow earth’s 
interior processes . The mode of release will be largely 
dependent on the kind of materials involved in strain re­
lease phenomena (Bath and Duda , 1963 )• The physical con­
ditions of the rocks will determine their capabilities to
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Figure 34 . Average Strain Release (e/N)
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store and release small or large amounts of strain.
It is believed that the variation of strain release 
with depth depends on both factors and that these factors
f. *■
themselves may also be affected by depth . This peculiar
V  » •
behavior of crustal and subcrustal materials makes compli­
cated any analysis of the strain relea.se vs depth curves 
presented here.
If, for instance,, the rate of accumulation varies with 
depth , but the mode of release remains constant , the 
number of seismic shocks N , should vary in parallelism 
with the rate of strain accumulation, the Mb" slope should 
be constant , while the "A" value should change with depth. 
In this assumed case , variation in the rate of strain 
accumulation rather than variation in the mode of strain 
release , is of dominating influence on the strain - depth 
curve,
If, on the other hand, the strain accumulation rate 
remains constant with depth, and the mode of strain release 
varies, the number of seismic shocks, might not vary in 
parallelism with the rate of strain accumulation , because 
the ”bM slope might well change with depth . The "A” value 
might also change with depth.
In short , four possible relations between the rate 
of accumulation and the mode of release of strain , as func­
tion of depth , may be formulated , they are :
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(a) Constant rate of accumulation and constant mode of 
release,
(b) Constant rate of accumulation and variable mode of
f, *release.
* •
(c) Variable rate of accumulation and constant mode of
release.
(d) Variable rate of accumulation and variable mode of 
release.
Relation (a) results in the same strain release at all depths.. 
This relation , because of our observations presented in 
the preceding pages , is not possible . Relations (b) and 
(d) might imply a change in the slope "b” of the frequency- 
magnitude plots . Relation (c) certainly implies the obser­
vation of a. constant slope "b” . Because of our previous 
findings, that "b" does not vary with depth in this limited 
region , we would favor relation (c) as characterizing this 
region . In doing this , we don’t , however , rule out the 
possibility that either relation (b) or (d) may be true.
Time Distribution
The strain release as a function of time was also 
fairly well determined for the time interval under consider­
ation , that is , five years, from 1966 to 1970.
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Figure 37 , shows the time distribution of strain
release , for the first 75 km of depth . It shows that there
is a decrease in the strain release with time, A least-squares
fit represents this trehd as :
ve(t) = 4.36 - 0.38 t
Wherein , "e" is the strain released and "t" is the time in
years . "e" = e x 10 (ergs )2
In October of 1969, Figure 38 , a man-made atomic device
was tested in the Aleutians , (Milrow ) . This single experi­
ment is.responsible for the release of strain equivalent to
an earthquake of magnitude about 6.5 , what is the same 
11 “as 5.62 x 10 (ergs)2* If this value is not considered in 
the computation of the strain release for the region, the 
plot for the strain release in shallow events would look 
slightly different . This is shown in Figure 38 , • In this 
case a least-squares fit gives the following relation :
e(t) = 4.41 - 0*43 t 
"e" = e x 10"̂ * (ergs)2
So in short , there is observed a slight decrease in 
the rate of release of strain in the first 75 km of depth 
during the time interval considered.
Figure 37 , show the time distribution of strain 
release in the depth range 75 to 250 km of depth. There is 


































Figure 38 . Plot of annual strain release (e)
Shallow depth events , without Milrow 
effect.
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sive years. This trend is represented by the following
expression obtained by a least squares-fit : 
e(t). = 0.24 + 0.08 t
"e" = e x 10^  (ergs)2 *
In summary ; it is observed that the ahnual strain release 
at both shallow and intermediate depths seems not constant 
with time .
The monthly strain release at all depths is shown in 
Figure 39 • No obvious periodicities are evident.
The analysis of the monthly cumulative strain release 
curve , Figure 40, reveals some interesting characteristics. 
In the general trend , it is observed that there are only 
two main periods of increased activity in this time interval. 
One is located in the Summer months of 1966 , and the other 
starts at the end of the Summer of 1969 • Part of this rela­
tive increment in the strain release is due to the man-made 
atomic device that was detonated in Amchitka Island •
Due to the short time-span considered , it would be 
uncertain to speak about periodicity . In general there is 
observed an almost continuous rate of strain release with 
few , if any , months of diminished activity.
This graphic representation indicates the rather high 
seismic activity and strain release in this part of the world.
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Figure N#4o . Cumulative strain release in the
Central Aleutian region as a function 
of time f 1966-1970.
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Strain Observations
As was raentionated in the introduction , the Colorado 
School of' Mines has in the Aleutian Island Arc one of the 
largest multi-component networks of stjrainmeters in the 
world . Strain observations during the years 1970 -1971 
in the Central Aleutians seem to corroborate the hypo­
thesis , that creep maybe the dominant mode of deformation 
in this region . (Major , 1972).
The strain regime in the Central Aleutians is charac­
terized by the frequent occurrence of episodes of high strain 
rate ( ^ 4 x 10” per day), lasting 6-30 hours . These sur­
face strain episodes are tentatively interpreted as being 
due to creep events at depth.
Figure 41 > shows samples of this secular strain data;
from the N / S component of the Adak site , and the NE/SW
component of the Northwest site on Amchitka island. Both
graphs show data for the years 1970 and 1971 • The sample
records for both components present a quasi-sinusoidal
signal with a period of about a year and an amplitude of 
—6about 4 x 10 • Major and Butler (1972) interpreted this
feature to be caused by seasonal changes , not associated 
with tectonic processes • The net change in strain at both 



























A saw tooth, feature superposed on the seasonal effect 
is observed in these records . They indicate a steady drift 
in compression of the order of about 3 x 10" per month . 
This drifting process is* interrupted by " episodes of 
extension characterized by higher strain rates , lasting 
for periods of 10 to 40 hours ; this phenomenon seems to 
compensate the strain accumulation of the preceding few 
days or weeks. Because of similarity with observations of 
creep episodes in other places , Major and Butler (1972) 
hypothesize that these !,strain episodes" might be due to 
creep.
Figure 42 shows data of all three components at the 
Amchitka NW-site ; a "strain episode" is clearly shown in 




For many years/ estimates of strain release in various 
areas have been derived from studies of the earthquake activi­
ty in those areas , in the way employed in the preceding 
section of this paper . These estimates are all based on 
the unstated assumption that the contribution of strain re­
lease by creep is unimportant •
For many ye -rs, also,the idea that the sum of the 
strain released in the::great number of small seismic events 
that are normally associated with a large event, is compa­
rable to that released in'the large earthquake has been 
taken to be correct. The analysis of relatively recent 
strain data obtained by the Colorado School of Mines, in 
the Aleutian Island Arc , allows us to doubt the validity 
of both of these common assumptions • In the following para­
graphs an attempt is made to show the evidence that is the 
basis of this doubt.
At this stage in our knowledge of the strain release 
we will hypothesize that there may exist two main processes 
of strain release , one related to the stick-slip phenomena 
in and around faults , and the other related to creep
79
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processes in the upper layers of the earth . The problem 
is to make an order of magnitude estimate of the relative 
contribution of these two processes.
As it was pointed out at the beginning of this paper,
r •
several models have been used in trying to relate the rup­
ture length associated with the occurrence of an earthquake 
to its quantitative energetic involvement.
The linear model considers that the strain released 
is proportional to the length of the source. If we refer 
to table N° I , it is seen that the product (NL) , that is, 
the cumulative number of earthquakes times the rupture length 
for different magnitudes in the range 4 1/4 to 8 1/4 , de­
creases slightly with increasing magnitude , thus implying 
that the cumulative effect of small events is important 
when compared with that of large events . This is certainly 
true for this kind of model , and is sim lar to the common 
” NV"e" 11 estimate of strain release, but it may be misleading 
This will be seen when alternative models are considered in 
the following paragraphs.
Chi-Yu King and Leon Knopoff (1968) , as was mentioned 
earlier , have shown that the fractional stress drop
in small seismic shocks is very small and that this behavior 
is different for large shocks . In their work they considered 
that the strain release in seismic shocks was approximately
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proportional to the product of the length of the fault 
zone and the horizontal offset , that is , to the areal 
surface ijivolved in the event . They get rid of the idea 
of volume involvement fin the event , saying that " the 
source regions for all shocks have approximately the same 
value of depth of faulting" , and they attribute this to 
" the existance of a plastic zone in the earth " , beyond 
which there is little possibility of continuing fracturing.
This whole point of view , if accepted as a true state­
ment , is still restricted to seismic events related to the 
phenomenon of stiek-slip on faults; that is , most shallow 
events . For intermediate and deep events , where processes 
other than the stick-slip might account for the origin of 
the seismic energy , the preceding argument must be ruled 
out as a generalization ,
If we refer to Table N°I , it is seen that the product
p(NL ) , that is , the cumulative number of earthquakes tines 
the rupture surface area associated with each event , in­
creases rapidly with increasing magnitude , implying that 
the cumulative effect of small events (M» 5 1/4) is about 
an order of magnitude less than that of one large (II®8 1/4) 
event • This implication is one of the reasons for the 
doubt mentionated earlier.
Tsuboi (1956) , hypothesized that the energy density
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in the vicinity of the source of an earthquake immediately 
before the earthquake is approximately the same for small
and large; shocks . Large shocks are more energetic because
/. *•
they have larger source volumes .
% r 0
Some estimate of the probable increase of source vol­
ume with magnitude is in order. The relation :
M = 3.3 +1.7 L (Wideman , 1967)
indicates that a unit increase in earthquake magnitude 
yields an approximate fourfold increase in fault length •
If geometrically similar shapes are assumed for the sources 
of earthquakes so that volume changes are related to (L ), 
then volume change by a factor of 64 is associated with 
the fourfold length changes. This volume change with magni­
tude and the related hypothesis of constant energy density 
for earthquakes of different magnitudes (ibid) can be used 
to estimate the cumulative volume influenced by events of 
different magnitudes.
We refer again to Table I . In this table it is seen 
that the product (NL^) , is a gross estimate of the cumula­
tive volume of the individual target zones associated with 
all earthquakes of each magnitude within one tectonic prov­
ince . The 290 earthquakes of magnitude 5 1/4 will produce 
large strain changes throughout a cumulative volume of about 
2.9 x 10** km^ • A single magnitude 8 1/4 event will produce
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comparable strain changes throughout a volume about 2.2 x 
10 kra-5 . This relationship could be an explanation of 
why mgny small earthquakes together are usually unable to 
relieve enough strain to prevent large ones.
V  * *
Whichever source parameter, area or volume,be con­
sidered important, it is probable that there is a great 
disproportion, (one to three orders of magnitude), in the 
strain released in a large seismic event, (M> 8 1/4 ) 
in comparison with that released by small events , (M =
5 1/4 ), The linear source model , alone, implies that the 
cumulative effect of small events is important.
The strain observations made in 1970 and 1971 by the 
Colorado School of Mines , seem to corroborate the hy­
pothesis that creep may be the dominant mode of deformation 
in many active places. The strain data displayed in the pre­
ceding section, even though earthquakes of considerable 
magnitude, ( up to 11 = 7 ), occurred in this area during 
these two years, do not show major offsets due to the seis­
mic events • The sum of earthquake steps on the strain re­
cords over this interval of two years, gives an approximate
-7value of 2 x 10 . B y  comparison the strain episodes at 
these sites give cumulative changes in strain about two 
orders of magnitude greater than those strain steps obtained 
from all earthquakes of magnitude 5 1/4 - 1 , for the same 
period of time.
T 1469 84
If it be assumed that the observed "strain episodes" 
are the result of creep, then the fact that both creep and 
the big events seem to contribute several orders of magni-
f. *■
tude more to the total strain release regime than do the 
smaller magnitude events leads to the conclusion that the 
cumulative contribution of creep, to the total regime, is 
about the same as the contribution of the largest earth­
quake .
Since the history of seismicity for the Aleutians is 
very short, the recurrence time of great earthquakes is very 
uncertain • Several seismologists have attempted determina­
tions, using different approaches , of the recurrence time 
of events of considerable magnitudes, for the whole arc 
or for only parts of it •
Willis, (1971), in his statistical study of the seis­
micity in this arc, gives a value of 34.9 years as the mean 
return period for events of magnitude 8.5 anywhere in the 
entire arc ; this value changes to values between 143*2 
years and 60.8 years when individual blocks of seismic 
activity are considered •
Based upon geomorphic evidences, and their relation 
to vertical differential movements observed in great seis­
mic events , Plafker, (1972) , suggests a possible use of
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radiocarbon age determinations of geomorphic features ,
(marine terraces), in a tentative determination of recur­
rence times . He mentions marine terraces observed in
f. *
Middleton island j these features give tentative recurrence
v  * *
times that range from 500 to 1400 years*
Sykes (1971), in his studies of the seismicity of 
this arc, finds that different estimates of this recurrence 
time range from 30 to 850 years. Using, the frequency - 
magnitude relation of earthquakes determined in this study, 
a recurrence period of 179 years is found for events of 
magnitude 8.5 . It is concluded that the recurrence time 
determined from the data analyzed in this paper is in 
agreement with recurrence times determined by other inves­
tigators .
As it is seen, there is a wide range of variation 
between the results reviewed . In trying to explain this 
anomalous situation , it seems appropiate to quote Bath’s 
work (1966); he says : " unfortunately, the belief that 
statistics of large earthquakes can be deduced from small 
shocks is incorrect" , then he adds : "Duda (1965), has 
demonstrated conclusively that the relation between the 
number of shocks and their magnitude is different for shocks 
of different magnitude ". This comment would have to be 
taken in consideration when the range of magnitudes considered
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are more than two or three magnitude intervals away from 
the one magnitude recurrence tine that is being attempted 
to be predicted.
Prom geodetic observations , (Parkin, 1969)> as well
r •
as from experimental results found in rock mechanics, it is 
observed that deformations of about 1 x 10""̂  are charac­
teristic of an epicentral zone . Strains of this order or 
larger must accumulate between successive large events. Aver­
age estimates of recurrence times, for events of magnitude 
8 1/4 , give a value of about 120 years . The average
rate of strain accumulation therefore must be of the order 
— fof 1Q~ per year. The strain regime in the Central Aleutians,
as observed by the Colorado School of Mines, is characterized
by the frequent occurrence of strain episodes of high strain
— frate ( 4 x 10~ per day), lasting for 6-30 hours ; this
largely cancels the strain accumulation of preceding weeks. 
But the year end residual is still of the order of a few
 r
parts in 10 , and therefore about enough to provide a total
-4 2of 1 x 10 every 10 years or so, to be released m  a large 
earthquake •
It may be the case that an anomalous failure to creep 
is the proximate cause of large earthquakes • that is, the 
relative importance of creep may change in time • If this 
happens to be true, anomalous recurrence periods in strain
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episodes would change drastically the total regime of
strain release. This hypothesis would explain why, within
one tectonic province, the recurrence time estimates of 
/. f *- 
different seismologists using data from different intervals
V  r •
of time, do not agree ; such estimates are made without a 
measure of the important contribution made by creep . It 
is concluded that it is important to monitor and study the 
strain release due to creep events in this , and other, 
active parts of the world.
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CONCLUSIONS.
1.*- The epicenters are concentrated, geographically,
f. *■in a narrow arc-like' belt 250 km wide parallel to the axis
* • 
of the Aleutian Trench, extending from about 50 km South
of the trench, to about 200 Ion North of this axis,
2.- The seismic events in this limited area are con­
centrated in a wedge-like zone whose lower limit is a plane 
dipping about 45° to the North , There is a greater concen­
tration of shallow,(< 75 km), and intermediate depth, (> 75 
km ), seismic events to the East of the 1786W meridian ,in 
comparison to that to the West of this meridian, where there 
are just a few events at depth. Both features are in agree­
ment with both the hypothesis of the existence of a North 
dipping slab of crustal materials under this island arc , 
and with the idea of the existence of two quasi-independent 
blocks of seismic activity •
3*- There is a relative decrease of seismic activity 
from 1966 to 197Q . The average number of events for this 
time interval, as was determined from the available data , 
is about 188 events per year.
4,- The Central Aleutians were uneventful to the 
occurrence of earthquakes of magnitude greater than 6,5 
during this time interval.
88
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5.- The magnitude-frequency plot indicates that 
almost all earthquakes of magnitude M > 4  1/4* in this 
limited region, were detected by the instruments of the 
World Wide Standard 'Seismic Network.
r  *
6.- The magnitude-frequency plot for the study re­
gion gives a "b" value of -0.86 , which implies a re­
currence time of 179 years for earthquakes of magnitude 
8.5 , a value that is close to recurrence times obtained 
in earlier studies by other investigators.
7.- Distinct from other regions, the slope "b" of 
the magnitude-frequency-depth plots for this limited region 
does not show a significant variation with depth . A value 
of -0.77 is obtained for shallow events (h <50 km), and 
-0.72 is the slope "b" for intermediate-depth events ,
50 km < h < 250 1cm.
8.- The rate of cumulative strain release by earth-
11quakes is 3.5 x 10 (ergs)a per year.
9.- Most of the strain released by earthquakes is 
released within the upper 50 Ion • Below 50 1cm there is a 
decrease in the amount of strain release.
10.- The strain-release-depth curve is almost paral­
lel to the number earthquakes-depth curve, indicating that 
the variation of strain release with depth is mainly a
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consequence of the variation of the number of seismic events 
with depth . The average strain release per earthquake shows 
no significant decrease with depth .
11.- Either the rate of strain accumulation,or the
%  t *
mode of release, must be depth dependent in this limited 
region.
12.- The cumulative amount of strain , associated with 
aseismic "strain episodes", is comparable to that related
to large seismic events , magnitude M > 8  .
13.- If it be assumed that the observed "strain epi­
sodes" are the result of creep, then the cumulative contri­
bution of creep, to the total strain release regime, is 
about the same as the contribution of the largest earthquake.
14.- Variations in the contribution of creep in time 
may be the cause of anomalous changes in the recurrence 
times of big earthquakes . The determination and study of 
the strain associated with creep episodes, probably will




Thi's is a chronologic listing of the seismic events 
that occurred in the Central Aleutian Island Arc, (170° E - 
165° W ), during the period 1966-1970. The table includes 
the month and day, the geographic coordinates , and the 
depth and magnitude of the seismic events •
These data were gathered from the preliminary epicen- 
tral determination cards provided by the United States 
Coast and Geodetic Survey .
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Date Coordinates Depth Mag*
1966 Lat., N Long., (Km )
Jan 5 51.2 178.1 W 33 $.5
Jan 13 52.9 172.0 E 17 5.6
Jan 14 51.4 169.0 W 33 4.4
Jan 16 52.8 172.0 E 8 5.5
Jan 16 54.8 165.8 W 33 5.4
Jan 17 52.0 171.2 W 39 5.0
Jan 19 51.8 176.1 E 33 4.1
Jan 20 53.0 171.8 E 21 5.6
Jan 20 52.4 169.6 W 14 5.3
Jan 21 51.2 179.3 E 45 4.7
Jan 24 51.7 176.3 W 54 4.5
Jan 27 51.3 178.2 E 42 5.5
Jan 28 51.9 177.1 W 55 5.4
Jan 29 52.7 171.2 E 33 4.5
Jan 31 52.3 170.9 E 33 4.6
Jan 31 51.6 170.7 W 33 4.6
Jan 31 51.5 173.8 E 33 4.7
Peb 4 52.3 173.1 W 33 3.7
Feb 12 51.1 178.7 E 33 4.2
Peb 14 50.3 178.0 E 33 4.0
Peb 15 51.8 177.8 E 55 4.0
Peb.16 51.3 176.9 E 33 4.4
Peb 16 52.4 169.6 W 47 4.8
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Date Coordinates Depth Mag
Lat., N Long, (km)
Feb 17 51.6 176.1 W 33 3.8
Feb 20 51.1 179.5 E 48 4.0
Feb 23 51.3 178.6 E 55 4.2
Feb 23 54.3 165.1 W 160 3.6
Feb 24 52.6 172.5 E 65 5.1
Feb 24 51.8 177.3 W 65 4.2
Feb 25 52.5 172.0 E 33 4.3
Feb 26 52.4 173.6 E 51 5.3
Feb 27 52.1 175.1 E 52 .5.2
Feb 28 51.8 175.5 E 33 4.3
Mar 1 51.5 173.8 E 33 4.3
Mar 2 52.6 172.5 E 20 5.4
Mar 4 51.5 178.6 W 49 4.8
Mar 16 50.1 177.7 W 33 4.0
Mar 6 50.9 178.3 E 64 4.2
Mar 8 53.3 170.2 E 7 4.8
Mar 9 51.7 177.1 W 55 4.6
Mar 18 51.6 174.5 W 35 4.8
Mar 19 50.4 177.7 E 33 4.1
Mar 24 52.8 171.9 E 46 4.6
Mar 25 51.3 179.7 W 36 5.0
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Date Coordinates Depth Mag,
Lat., N Long. (km)
Mar 26 50.9 175.8 E 33 4.5
Mar 29 53.8 165.7 W 40 4.2
Mar 30 51.9 170.6 w 33 4.4
Mar 31 51.9. 170.1 w 33 3.9
Apr 1 51.7 176.4 E 73 5.3
Apr 1 51.2 174.7 E 33 4.0
Apr 7 52.3 174.2 E 33 4.2
Apr 8 52.3 173.5 E 45 4.9
Apr 10 51.8 174.2 E 33 4.3
Apr 10 53.1 171.0 E 20 5.2
Apr 11 52.5 173.0 E 29 5.2
Apr 11 51.1 179.9 E 33 4.3
Apr 13 54.0 166.3 W 33 3.9
Apr 15 51.1 174.7 E 33 4.7
Apr 18 51.2 179.7 W 33 4.5
Apr 19 51.2 176.9 w 33 4.3
Apr 19 51.3 177.1 w 33 4.3
Apr 20 50.8 179.4 E 10 4.7
Apr 22 52.7 168.9 W 33 4.5
Apr 23 52.8 167.8 w 33 4.8
Apr 24 52.7 168.9 w 68 4.8
Apr 25 52.7 168.6 w 33 4.8
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Date Coordinates Depth Mag.
Lat., N Long., (km)
Apr 26 52.9 168.1 W 55 4.2
Apr 28 53.8 165.9 W 33 5.0
May 2 51.9 175.2 E 25 4.3
May 3 51.5 178.6 W 30 5.1
May 3 51.6 176.8 W 20 4.9
May 3 51.7 176.3 E 31 4.2
May 4 51.3 170.4 W 33 3.9
May 4 50.8 175.2 W 15 4.1
May 4 53.4 168.6 W 25 4.3
May 4 53.5 168.0 W 33 4.0
May 5 52.7 169.7 W 33 4.6
May 5 53.4 168.7 W 25 4.7
May 5 51.4 176.6 E 33 4.4
May 5 51.6 176.8 E 75 4.9
May 5 53.4 168.0 W 33 4.3
May 5 53.5 168.2 W 33 4.1
May 6 53.1 168.6 W 25 4.1
May 7 53.6 167.5 W 45 4.9
May 7 50.9 179.5 E 70 4.6
May 7 53.6 167.3 W 55 4.8
May 13 51.0 176.2 E 33 4.8
May 13 53.2 168.2 W 33 4.0
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Date Coordinates Depth Mag.
Lat., N Long., (km)
May 14 53.3 168.0 W 33 4.1
May 14 53.2 168.7 w 33 4.2
May 14 51.9 177.7 w 66 4.0
May 15 53.4 167.8 w 33 4.7
May 15 51.5 178.4 w 31 5.8
May 16 53.2 168.3 w 33 4.0
May 16 53.4 167.9 w , 15 4.6
Jun 2 52.9 167.0 w 37 4.2
Jun 2 53.1 166.5 w 90 4.6
Jun 5 52.8 169.5 w 33 4.0
Jun 7 50.8 179.5 E 40 4.6
Jun 8 53.1 171.1 E 20 5.4
Jun 10 52.0 174.9 E 33 4.9
Jun 10 52.5 173.6 E 45 4.9
Jim 11 51.5 178.4 W 60 5.9
Jun 11 53.4 167.7 W 51 4.5
Jun 11 53.3 167.5 W 33 4.1
Jun 12 52.8 170.3 E 33 4.5
Jun 12 51.6 173.2 W 33 411
Jun 14 53.4 167.4 W 33 4.0
Jun 16 53.3 167.4 w 33 4.1
Jun 16 53.4 167.5 w 33 3.8
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Date Coordinates Depth Mag.
Lat., N Long., (km)
Jun 17 51.6 174.4 E 59 3.9
Jun 19 51.7 176.2 W 57 5.2
Jun 19 50.9 177.8 E 47 4.5
Jun 20 51.6 178.8 W 33 4.2
Jun 20 51.5 178.6 W 34 5.1
Jun 22 52.9 168.2 W 33 4.1
Jun 23 53.6 167.6 w 16 4.2
Jun 25 53.3 171.1 E 33 4.6
Jun 27 51.8 179.6 E 33 4.5
Jun 28 52.0 178.3 W 78 4.0
ful 1 52.2 174.2 E 56 5.0
Jul 1 51.5 179.1 E 20 4.5
Jul 2 51.6 179-8 E 33 4.2
Jul 3 51.4 179.1 E 33 4.3
JjuI , 3 52.3 170.2 W 69 5.3
Jul 3 51.6 179.8 E 37 4.5
Jul 4 51.7 179.9 E 13 6.2
Jul 4 51.7 178.9 W 33 5.4
Jul 4 51.7 179.9 E 19 4.6
Jul 4 51.6 179.9 W 33 4.6
Jul 4 51.6 179.6 E 33 4.3
Jul 4 51.7 179.7 W 22 5.1
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Bate Coordinates Depth Mag.
Lat., N Long., (km)
Jul 4 52.8 177.3 w 33 3.6
Jul 5 51.6 179.6 V7 30 4.4
Jul 5 52.2 178.3 w 66 4.9
Jul 5 51.7 179.8 w 33 4.0
Jul 6 52.3 171.2 w 33 4.0
Jul 6 51.8 178.9 w 33 4.3
Jul 9 53.5 167.7 w 33 3.8
Jul 11 53.5 167.6 w 23 5.1
Jul 11 53.6 167.8 w 44 4.0
Jul 11 53.6 167.9 w 60 4.3
Jul 14 53.1 170.9 E 29 4.9
Jul 19 51.7 173.3 w 47 5.5
Jul 20 51.7 173.3 w 38 4. 4
Jul 21 51.4 170.7 w 33 4.3
Jul 21 51.7 173.1 w 33 4.0
Jul 22 51.7 173.5 w 56 5.6
Jul 23 51.6 173.5 w 51 4.3
Jul 23 51.7 173.4 w 21 4.4
Jul 23 51.9 173.4 w 33 4.2
Jul 23 51.9 173.4 w 33 4.2
Jul 23 51.8 173.5 w 36 4.9
Jul 24 51.7 173.4 w 33 4.1
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Date Coordinates Depth Mag,
Lat,, N Long,, (km)
Jul 24 53.4 167.4 W 60 4.8
Jul 25 52.0 169.9 w 31 4.3
Jul 27 51.8 179.4 w 33 4.2
Jul 31 52.8 170.8 E 33 4.4
Aug 1 51.1 178.9 W 33 4.8
Aug 1 51.5 177.6 E 43 5.2
Aug 4 51.0 178.6 E 33 4.3
Aug 6 51.6 179.5 E 52 3.7
Aug 6 51.2 178.8 E 30 4.2
Aug 6 51.0 178.8 E 34 4.3
Aug 6 51.9 175.3 E 30 5.3
Aug 7 50.6 171.3 W 39 6.5
Aug 10 52.2 174.4 W 69 4.8
Aug 11 52.4 169.4 W 33 4.4
Aug 11 52.7 169.7 W 61 5.3
Aug 12 53.1 167.4 w 44 4.2
Aug 14 51.8 178.4 w 47 4.8
Aug 18 51.5 177.8 E 44 5.3
Aug 18 52.3 174.9 E 32 5.6
Aug 18 51.6 176.1 E 50 5.0
Aug 19 53.6 167.6 W 54 5,1
Aug 19 52.5 167.1 W 33 4.0
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Date Coordinates Depth Mag,
Lat,, N Long., (km)
Aug 31 53.4 166.7 W 53 4.8
Sep 1 52.6 171.6 w 33 4.2
Sep 2 53.6 167.5 w 33 4.6
Sep 2 53.0 169.8 w 33 4.9
Sep 5 51.8 176.5 E 59 4.8
Sep 6 51.8 175.9 E 52 5.0
Sep 11 53.4 167.3 W 30 4.1
Sep 15 53.4 167.3 W 33 4.4
Sep 20 52.2 173.1 E 21 4.8
Sep 20 51.0 178.7 E 17 4.8
Sep 23 51.3 177.3 W 39 4.6
Sep 26 53.1 166.2 w 33 3.9
Sep 29 51.2 179.0 w 37 4.7
Oct 2 51.6 174.5 w 34 5.1
Oct 2 51.6 174.6 w 56 4.5
Oct 2 51.5 174.6 w 39 4.1
Oct 2 52.3 173.0 w 33 4.4
Oct 2 51.7 174.5 w 43 4.0
Oct 4 52.5 169.1 w 35 4.3
Oct 5 52.3 174.0 w 91 4.8







Oct 9 51.7 176.4 E 47 3.8
Oct 11 53.3 173.5 W 218 319
Oct 12 51.4 179.0 E 42 4.4
Oct 24 54.9 165.8 W 33 4.9
Oct 30 50.7 178.7 E 33 4.4
Oct 30 50.5 178.7 E 33 4.5
Nov 1 52.1 173.1 E 33 4.3
Nov 1 52.1 173.1 E 33 4.3
Nov 8 51.2 178.4 W 41 4.7
Nov § 52.4 173.0 E 41 4.9
Nov 9 51.9 173.7 W 47 4.8
Nov 10 51.2 178.7 E 26 4.3
Nov 11 51.4 176.2 E 33 4.6
Nov 11 52.3 169.1 W 38 5.4
Nov 11 52.7 169.4 W 41 4.6
Nov 13 53-7 169.3 w 33 4.7
Nov 15 51.2 176.6 w 48' 5.0
Nov 15 51.5 176.5 w 61 4.5
Nov 15 51.2 17616 w 46 4.3
Nov 15 52.1 176.5 w 58 3.9
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Date Coordinates Depth Mag.
Lat., N Long., (km)
Nov 15 51.3 176.5 W 50 4.2
Nov 15 51.1 176.2 W 42 4.6
Nov 16 51.5 176.6 w 65 4.3
Nov 16 51.3 176.2 w 46 4.3
Nov 16 51.3 170.4 w 33 4.7
Nov 16 52.6 169.5 w 33 4.9
Nov 17 51.3 176.5 w 56 4.5
Nov 17 50.9 178.4 w 38 4.3
Nov 17 51.1 176.5 w 45 4.7
Nov 17 51.3 176.6 w 54 4.2
Nov 17 51.3 176.6 w 36 4.1
Nov 17 51.2 176.2 w 33 4.0
Nov 17 51.0 177.2 w 49 4.0
Nov 17 51.3 176.4 w 54 4.0
Nov 17 51.2 176.0 w 33 4.1
Nov 18 51.3 176.5 w 58 4.4
Nov 20 51.3 177.0 w 52 4.1
Nov 20 51.3 176.9 w 53 4.1
Nov 20 51.5 176.6 w 58 4.8
Nov 20 51.4 176.4 w 54 5.1
Nov 20 51.4 176.8 w 52 4.2







Nov 22 52.1 172.7 E 55 4.9
Nov 22 52.1 172.7 E 33 4.5
Nov 22 51.6 176.4 ,W 63 4.3
Nov 27 52.6 169.2 W 33 4.2
Dec 7 51.7 176.0 W 64 4.7
Dec 9 51.7 174.6 E 21 5.2
Dec 9 51.6 174.5 E 17 4.7
Dec 11 51.7 175.7 E 33 4.2
Dec 11 52.9 176.1 W 216 5.2
Dec 13 51.6 177.2 E 33 4.5
Dec 13 52.4 170.6 W 40 4.3
Dec 14 52.9 177.6 W 243 5.3
Dec 18 51.4 178.7 W 38 4.5
Dec 21 52.2 173.7 W 33 4.0
Dec 22 51.6 177.7 E 75 4.8
Dec 25 51.8 176.1 E 47 4.8
Dec 26 52.2 172.3 W 33 4.4
Dec 29 52.3 173.3 W 33 4.1
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Date Coordinates Depth Mag,
1967 Lat., N Long., (km)
Jan 3 51.5 174.5 E 33 4.0
Jan 4 52.0 175.1 E 43 4.3
Jan 7 50.1 177.2 E 33 4.6
Jan 7 51.7 175.5 W 72 4.4
Jan 7 51.8 176.6 W 81 4.3
Jan 14 51.1 175.8 E 33 4.1
Jan 14 52.1 175.4 E 41 5.1
Jan 14 52.0 173.6 W 33 3.8
Jan 15 51.8 173.5 W 20 4.3
Jan 17 51.8 174.5 w 33 4.2
Jan 18 52.5 168.3 w 37 5.7
Jan 18 52.4 168.3 w 33 3.8
Jan 19 52.4 169.6 w 55 5.2
Jan 22 52.4 169.1 w 33 4.6
Jan 22 53.5 165.3 w 69 5.0
Jan 25 51.7 174.3 E 33 4.5
Jan 25 51.8 174.5 E 33 4.4
Jan 26 53.0 168.3 W 33 4.3
Jan 28 51.8 174.5 E 16 4.8
Jan 28 52.4 169.5 W 47 4.0
Jan 28 52.3 169.5 w 54 5.0
Jan 28 52.4 169.4 w 47 5.2
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^ate Coordinates Depth Mag,
Lat., N Long., (km)
Jan 28 52.5 169.4 W 33 4.9
Jan 28 52.4 169.5 w 59 4.5
Jan 28 52.3 169.3 w 47 4.1
Jan 28 52.5 169.4 w 33 4.6
Jan 28 52.2 169.6 w 33 4.0
Jan 28 52.9 169.3 w 33 4.6
Jan 28 52.3 169.3 w 32 3.5
Jan 28 52.4 169.4 w 33 5.6
Jan 28 52.5 169.4 w 33 4.6
Jan 28 52.3 169.5 w 41 4.4
Jan 28 52.3 169.4 w 33 4.3
Jan 28 52.4 169.4 w 50 5.6
Jan 28 52.4 169.4 w 54 4.2
Jan 28 52.6 169.4 w 33 4.2
Jan 28 52.5 169.4 w 47 4.4
Jan 28 52.5 169.5 w 33 3.8
Jan 28 52.5 169.6 w 33 4.6
Jan 29 52.5 169.3 w 33 4.6
Jan 29 52.4 169.6 w 33 4.3
Jan 29 51.9 177'. 2 E 99 4.2
Jan 30 52.1 169.2 w 33 3.9
Feb 2 51.2 179.2 w 33 4.2
T 1469 106
Date Coordinates Depth Mag,
Lat,, N Long., (km)
Feb 3 51.3 175.8 E 33 4.3
Feb 6 55.7 169.3 W 33 4.6
Feb 6 53.4 167.8 W 33 4.3
Feb 11 51.4 174.8 E 33 4.7
Feb 13 51.7 173.5 W 39 4.7
Feb 13 52.5 169.6 W 51 4.5
Feb 13 51.1 179.4 W 33 4.4
Feb 14 51.7 178.2 E 18 4.4
Feb 15 51.7 178.5 E 37 4.1
Feb 19 52.4 169.5 W 48 4.6
Feb 22 52.3 169.5 W 33 3.9
Feb 24 51.8 176.7 W 114 4.2
Mar 1 51.4 179.3 W 33 5.3
Mar 4 52.1 170.5 W 12 3,9
Mar 13 53.7 165.4 W 33 5.2
Mar 17 53.6 165.3 W 44 4.4
Mar 20 51.8 175.2 E 50 4.7
Mar 22 51.6 173.9 E 33 4.9
Mar 23 52.3 174.0 E 62 4.4
Mar 26 51.3 174.4 E 33 4.2
Mar 31 52.1 169.7 W 28 4.8
Mar 31 51.8 176.2 E 48 4.5
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Date Coordinates Depth Mag.
Lat., N Long., (km)
Apr 1 51.2 178.6 W 33 4.3
Apr 2 51.2 174.2 E 33 4.3
Apr 3 52.4 169.6 W 46 4.4
Apr 12 53.0 167.7 W 54 4.4
Apr 14 51.7 168.7 W 37 4.6
Apr 15 51.4 179.1 W 49 4.9
Apr 23 52.3 174.2 E 42 4.4
Apr 24 51.2 179.0 E 36 4.6
Apr 29 51.4 178.3 W 50 6.0
May 2 52.9 174.1 W 161 4.4
May 3 51.1 179.1 w 33 3.8
May 4 52.6 169.1 w 33 4.1
May 4 52.6 169.1 w 38 4.1
May 4 53.1 168.2 w 33 4.6
May 6 52.7 168.1 w 34 4.5
May 7 52.2 171.8 w 45 4.5
May 7 52.2 171.8 w 55 4.3
May 7 52.2 171.9 w 60 4.1
May 7 51.8 173.8 E 18 4.6
May 12 52.9 167.0 w 32 4.9







May 13 52.3 173.6 W 33 4.3
May 13 51.5 173.6 w 33 3.8
May 16 52.1 173.7 w 33 4.4
May 16 51.7 173.7 w 33 4.4
May 19 51.8 177.0 w 52 4.5
May 20 52.5 170.5 w 89 4.6
May 20 53.7 165.2 w 24 4.5
May 20 50.4 177.6 E 35 4.5
May 23 51.0 178.6 E 33 4.3
May 26 51.8 174.0 E 33 4.4
May 27 51.9 176.1 E 34 5.8
May 28 52.1 175.0 E 45 5.2
May 30 50.1 176.6 W 30 5.0
Jun 1 53.7 165.6 W 60 5.7
Jun 4 52.7 173.4 w 156 4.4
Jun 9 51.1 170.3 w 33 4.0
Jun 10 52.7 169.1 w 32 4.4
Jun 19 52.7 169.9 w 33 5.7
Jun 20 52.9 166.9 w 10 4.7
Jun 20 52.8 167.1 w 31 4.5
Jun 20 52.7 166.9 w 9 4.5
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Date Coordinates Depth Mag*
Lat,, N Long,, (km)
Jun 20 52.9 166.9 w 29 4.0
Jun 20 52.8 167.1 w 11 5.2
Jun 20 52.9 167.2 w 52 4.1
Jun 20 52.8 166.9 w 11 4.6
Jun 22 51.7 176.8 w 54 5.3
Jun 22 52.9 166.7 w 32 3.9
Jun 25 52.9 166.6 w 56 4.5
Jun 26 53.0 166.6 w 33 4.3.
Jun 26 52.5 175.9 w 167 4.0
Jun 27 53.0 166.7 w 36 4.3
Jun 29 51.7 177.0 w 58 4.6
Jun 30 52.0 175.3 E 62 4.8
Jul 3 54.6 165.9 w 108 4.6
Jul 6 52.6 168.2 w 14 5.9
Jul 6 52.6 168.1 w 28 4.9
Jul 6 52.8 168.1 w 33 4.1
Jul 10 52.6 168.2 V7 33 3.9
Jul 10 52.7 .168.2 W 26 3.9
Jul 12 51.8 175.0 w 17 4.5
Jul 14 51.2 178.4 E 33 4.3
Jul 15 51.5 176.8 E 32 4.9
Jul 16 51.9 175.0 W 33 4.2
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Date Coordinates Depth Mag.
Lat., N Long., (km)
Jul 17 51.1 169.3 W 33 5.0
Jul 17 51.4 169.5 W 33 4.0
Jul 20 51.4 178.3 E 33 5.3
Jul 27 52.0 176.2 W 63 4.4
Aug 3 53.0 166.7 W 29 4.6
Aug 3 53.8 170.0 w 194 4.9
Aug 5 52.1 178.4 E 163 4.5
Aug 6 52.7 168.4 W 44 4.3
Aug 7 51.8 173.9 w 33 4.1
Aug 11 52.3 171.4 w 38 4.3
Aug 14 52.3 172.7 w 33 4.2
Aug 16 50.4 178.0 E 33 4.2
Aug 16 50.5 177.9 E 33 4.4
Aug 25 51.7 177.2 E 37 4.8
Aug 27 52.4 168.7 W 33 3.9
Sep 1 52.5 172.3 E 33 4.4
Sep 6 52.4 168.6 W 42 4.2
Sep 6 52.6 168.5 W 33 4.8
Sep 7 53.0 166.9 w 43 4.1
Sep 8 52.3 179.6 w 251 4.3
Sep 9 53.4 167.5 w 33 4.1
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Date Coordinates Depth Mag.
Lat., N Long., (km)
Sep. 13 52.7 172.5 E 34 5.7
Sep 16 52.0 176.4 W 65 5.4
Sep 21 52.0 175.1 W 33 4.0
Sep 22 51.2 174.5 E * 33 4.0
Sep 23 51.6 172.7 E 45 4.8
Sep 24 51.4 178.3 W 33 4.2
Sep 27 51.2 175.5 E 33 4.4
Sep 28 52.2 171.0 W 48 5.1
Oct 3 52.6 168.0 W 14 4.0
Oct 3 51.1 178.5 E 14 4.2
Oct 3 52.6 172.5 E 21 5.1
Oct 10 52.3 176.1 W 78 5.0
Oct 11 52.4 167.4 W 33 4.1
Oct 14 53.5 166.2 w 50 4.4
Oct 15 52.1 169.5 w 32 4.5
Oct 19 52.7 166.5 w 33 4.3
Oct 25 51.4 176.5 E 33 4.8
Nov 8 51.0 178.6 E 42 4.7
Nov 8 51.1 178.5 E 29 5.3
Nov 8 51.1 178.4 E 10 5.2
Nov 8 51.1 178.7 E 33 4.3
Nov 8 51.1 178.7 E 38 4.4
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Date Coordinates Depth Mag.
Lat., N Long., (km)
Nov 8 51.8 178.4 E 32 4.6
Nov 9 51.8 175.1 W 33 4.0
Nov 11 51.3 178.7 E 48 4.3
Nov 14 51.9 178.1 E 123 4.9
Nov 17 51.8 172.8 W 36 4.2
Nov 18 52.2 171.3 w 33 4.3
Nov 22 53.1 172.4 w 130 4.9
Nov 24 52.8 166.9 w 33 4.2
Nov 25 52.0 175.2 w 33- 3.9
Nov 29 52.0 175.3 w 16 4.3
Nov 29 51.8 178.8 E 108 4.3
Dec 1 52.9 168.3 W 33 3.9
Dec 4 51.1 178.3 E 33 4.7
Dec 4 51.6 173.5 w 50 4.7
Dec 5 51.6 173.4 w 36 5.3
Dec 6 51.1 178.3 E 25 4.4
Dec 7 52.9 166.7 w 31 4.7
Dec 8 50.4 176.6 w 33 4.3
Dec 8 51.9 173.3 w 13 4.0
Dec 9 51.8 175.3 w 33 4.0
Dec 14 51.3 178.8 w 40 4.7
Dec 14 51.8 176.3 E 47 4.2
T 1469 113
Date Coordinates Depth Mag.
Lat., N Long., (km)
Dec 18 51.1 178.8 E 41 4.4
Dec 19 51-7 176.9 W 59 4.8
Dec 20 52.5 175.9 W 191 4.2
Dec 26 51.4 176.9 E 33 4.3
Dec 26 51.7 174.5 E 33 4.6










Jan 3 51.8 173.5 W 39 4.6
Jan 4 52.2 171.3 w 36 5.7
Jan 10 52.3 171.2 w 53 4.4
Jan 13 52.4 171.2 W 33 4.0
Jan 14 52.7 171.2 W 34 5.5
Jan 13 52.6 170.9 W 36 4.4
Jan 15 52.7 171.0 w 33 4.3
Jan 16 52.6 171.4 w 33 3.9
Jan 29 51.2 179.1 E 45 4.6
Jan 31 51.2 171.4 w 33 4.2
Jan 31 52.5 170.9 w 33 4.5
Feb 7 52.7 169.1 W 23 3.8
Feb 10 52.0 173.9 E 33 4.5
Feb 10 51.5 179.2 E 42 4.3
Feb 11 51.8 179.6 E 33 4.3
Feb 11 52.2 171.4 W 62 4.4
Feb 11 52.8 170.9 w 44 4.2
Feb 15 52.2 171.4 W 61 5.3
Feb 16 55.0 174.7 w 225 3.9
Feb 18 51.7 177.7 w 72 4.2
Feb 18 52.8 169.0 W 52 4.2
Feb 18 51.7 173.7 w 51 3.9
Feb 20 52.2 171.4 W 59 4.3
T 1469 115
Date Coordinates Depth
Lat., N Long., (Km )
Feb 21 52.3 175.3 W 108
Feb 21 52.3 175.3 W 107
Feb 21 51.4 176.1 W 49
Feb 21 51.6 176.& W 57
Feb 21 51.7 175.9 w 54
Feb 21 51.4 176.0 w 47
Feb 21 51.4 175.8 w 52
Feb 21 51.6 175.9 w 50
Feb 21 51.7 176.0 w 49
Feb 22 51.8 177.2 w 80
Feb 22 51.5 175.6 w 20
Feb 22 51.6 176.2 w 65
Feb 22 51.4 176.1 w 54
Feb 22 51.4 176.3 w 49
Feb 22 51.4 176.2 w 56
Feb 22 51.4 176.2 w 66
Feb 23 51.5 176.3 w 65
Feb 23 51.6 177.2 W 54
Feb 23 51.6 175.9 w 57
Feb 23 51.6 175.9 w 55
Feb 23 51.5 176.3 w 49
Feb 23 51.9 179.1 w 89




























Feb 25 51.5 175.9
Feb 26 31.6 175.8
Feb 26 52.7 172.6
Feb 26 51.1 174.6
Feb 29 52.8 171.2
Mar 9 51.1 178.3
Mar 10 52.1 177.3
Mar 11 52.1 178.2
Mar 13 51.7 176.8
Mar 13 51.7 175.4
Mar 13 51.1 178.1
Mar 20 51.4 177.7
Mar 21 53.1 166.6
Mar 27 52.7 176.6
Mar 30 52.4 169.3
Apr 3 51.7 174.2
Apr 6 51.4 176.6
Apr 7 51.5 176.5
Apr 15 51.8 173.1
Apr 23 31.5 176.3
Apr 26 53.4 172.3
Apr 30 52.2 170.6





























May 10 50.1 178.7
May 10 53.7 166.9
May 13 52.2 178.5
May 18 53.7 168.3
May 28 52.2 172.8
May 28 52.3 172.8
May 29 52.5 173.0
Jun 3 52.2 174.3
Jun 21 53.0 168.4
Jul 2 51.0 179.3
Jul 2 52.6 171.1
Jul 7 51.5 179.0
Jul 8 51.2 173.1
Jul 24 51.0 179.5
Jul 2? 52.5 170.5
Jul 28 52.8 167.1
Jul 29 52.8 167.0
Jul 29 52.8 166.9
Jul 29 51.6 173.8
Jul 30 52.8 167.1
Jul 31 52;0 172.9
Aug 11 52.1 179.9




























Date Coordinates Depth Mag.
Lat., N Long., (Km )
W 204 4.4Aug 21 53.0 •o-r—i
Aug 22 52.7 171.0
Aug 22 53.0 171.0
Aug 22 52.7 171.0
Aug 22 52.8 171.2
Aug 23 51.1 175.0
Aug 23 52.0 172.8
Sep 6 51.2 178.4
Sep 9 52.0 174.2
Sep 10 51.3 176.2
Sep 11 50.4 176.0
Sep 11 52.0 172.6
Sep 13 52.4 169.4
Sep 17 51.9 176.2
Sep 19 51.4 177.0
Sep 20 51.4 174.5
Sep 22 51.3 177.6
Sep 23 51.1 179.2
Sep 27 53.4 167.7
Sep 27 52.5 170.6
Sep 29 51.8 176.2
Sep P9 51.8 176.2





























Oct 3 51.6 174.1 w 46 5.0
Oct 5 54-.0 165.9 W 61 4.4
Oct 14 52.2 178.3 E 104 4.7
Oct 16 52.5 169.7 W 67 4.7
Oct 23 50-6 177.4 E 23 5.1
Oct 25 52.4- 169.5 W 33 4.4
Oct 26 52.4- 169.5 W 30 4.5
Oct 27 53.6 171.4 W 201 4.5
Oct 28 54.3 164.5 w 4-0 4.6
Nov 5 52.6 176.7 w 170 4.5
Nov 7 54.3 164.6 W 37 5.1
Nov 7 54.3 164.6 W 46 4.2
Nov 7 54-.3 164.7 W 53 4.4-
Nov 7 53.8 165.7 W 60 4.7
Nov 10 51.9 171.3 w 33 4.5
Nov 11 52.8 175.0 W 222 4.8
Nov 15 51.4 178.7 E 74 4.7
Nov 17 51.9 175.0 E 33 4.4
Nov 18 52.8 173.9 w 174 3.9
Nov 27 52.6 170.6 W 49 4.9
Nov 50 51.2 178.5 E 33 4.4-
Dec 2 51.9 175.1 E 55 4.5







Dec 7 51.6 175.7 E 33 5.3
Dec 7 51.6 175.8 E 59 5.0
Dec 7 .51.5 175.6 E 33 4.7
Dec 7 51.4 175.6 E 33 4-.8
Dec 7 51.6 175.7 E 33 4.7
Dec 9 51.8 176.8 W 62 4-.2
Dec 11 51.7 176.2 W 65 4.3
Dec 11 51.8 175.8 W 33 3.8
Dec 11 52.0 179.5 E 14-5 4.6
Dec 13 52.0 174-.1 W 33 4.1
Dec 14- 51.5 175.7 E 33 5.2
Dec 15 51.6 175.8 E 33 5.7
Dec 15 51.7 175.8 E 33 5.4
Dec 21 51.4 171.1 w 33 4.2
Dec 25 51.7 174-.3 W 4-0 4.1
Dec 25 53.0 167.7 W 4-6 4.6









Jan 1 52.1 170.0 W 55 4.6
Jan 1 51.2 179.4- W 54 5.4
Jan 3 51.2 172.7 w 55 4.2
Jan 3 51.2 179.4- W 29 5.8
Jan 30 52.7 169.5 W 59 4.2
Feb 1 51.4- 179.5 E 55 4.2
Feb 1 51.2 179.1 E 23 4.5
Feb 6 31.6 176.2 W 58 5.0
Feb 13 52.2 169.9 W 16 5.1
Mar 2 51.4- 174.7 E 55 4.5
Mar 2 52.2 174.4- w 4-4- 4.6
Mar 9 51.7 178.9 E 99 4.7
Mar 9 52.7 170.4 w 67 4.0
Mar 14- 52.0 175.1 w 55 4.0
Mar 13 51.2 179.1 w 46 5.6
Mar 16 51.5 179.8 W 55 4.0
Mar 19 51.6 174.7 w 55 5.9
Mar 20 51.6 174.9 w 59 4.8
Mar 31 51.9 178.0 W 84 4.5
Apr 6 51.1 178.7 E 49 4.6
Apr 8 51.5 179.5 w 54 4.8
Apr 23 52.2 167.1 W 55 4.7
Apr 24- 52.8 172.5 w 55 5.2
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Date Coordinates Depth Mag.
Lat., N Long., (Km )
W 31 4.3Apr 26 52.7 168.7
May 3 52.4- 171.2
May 3 51.8 173.8
May 9 53.4 166.8
May 14- 51.3 179.9
May 14- 50.9 179.7
May 14- 51.3 179.9
May 14- 51.5 179.7
May 13 51.3 179.9
May 13 51.0 179.8
May 13 51.7 179.9
May 17 51.8 176.5
May 18 51.5 175.8
May 18 52.1 173.7
May 23 51.4- 176.6
May 24- 51.7 174.7
May 24- 51.2 177.2
May 25 52.1 169.9
Jun 1 51.6 179.7
Jun 2 53.1 172.6
Jun 2 52.9 171.5
Jun 7 52.5 169.1
























Date Coordinates Depth Mag,
Lat., N Long., (Km )
Jun 10 51.8 176.1 ¥ 65 4-.6
Jun 12 52.5 173.9 W 52 4.4-
Jun 14- 51.3 179.7 W 38 4.9
Jun 17 51.5 176.6 W 51 4-.1
Jun 18 52.6 167-9 ¥ 11 5.4
Jun 19 52.7 167.9 ¥ 7 4.5
Jun 19 52.7 167.8 ¥ 14- 5.0
Jun 22 51.6 173.1 E 33 4.5
Jun 22 51.5 179.9 ¥ 56 6.1
Jun 22 51.6 180.0 ¥ 57 4.9
Jul 1 50.1 176.4- E 8 4.2
Jul 3 51.7 177.9 E 84- 5.1
Jul 9 51.5 174-.8 E 22 5.0
Jul 13 53.2 167.5 ¥ 36 4.5
Jul 14- 51.6 170.3 ¥ 33 4.4-
Jul 17 51.4- 179.8 ¥ 34, 4.9
Jul 19 51.4- 174-.7 E 33 4.2
Jul 24- 51.3 173.0 ¥ 4-4- 4.2
Jul 25 51.3 167.0 ¥ 4-2 5.0
Jul 26 51.5 175.3 E 36 4.3
Jul 26 53.3 167.1 ¥ 69 4.7
Jul 30 52.4- 172.1 E 58 4.5




Jul 31 53.0 170.1
Jul 31 52.9 170.0
Aug 1 53.0 170.1
Aug 3 52.8 169.8
Aug 4 51.4 179.6
Aug 10 51.7 175.1
Aug 11 50.0 176.9
Aug 13 53.3 170.6
Aug 14 52.8 169.7
Aug 14 53.1 170.2
Aug 14 53.0 170.0
Aug 21 51.6 174.3
Aug 21 53.0 169.8
Aug 21 52.8 169.6
Aug 21 53.0 169.8
Aug 21 52.8 169.8
Aug 21 52.8 169.7
Aug 21 53.0 169.8
Aug 22 53.1 170.0
Aug 28 51.2 179.9
Sep 2 51.8 .176.6
Sep 3 53.1 169.9




























Date Coordinates Depth Mag.
Lat., N Long., (Km )
Sep 10 51.2 178.4 E 33 4.1
Sep 12 51.3 179.2 W 44 5.0
Sep 12 51.1 179.1 W 5.0
Sep 12 51.2 179.2 w 45 4.5
Sep 12 51.1 179.3 W 49 5.2
Sep 12 51.1 179.2 w 55 5.0
Sep 12 51.1 179.2 W 46 5.3
Sep 12 51.2 179.1 w 48 4.2
Sep 12 51.2 179.2 W 48 6.0
Sep 12 51.7 179.2 W 18 4.9
Sep 12 51.3 179.0 w 50 4-.7
Sep 12 51.4 179.3 W 45 4.1
Sep 12 51.4- 179.2 W 45 4.1
Sep 12 51.4- 179.2 W 55 3.9
Sep 12 51.4- 179.3 w 50 4.0
Sep 12 51.3 179.0 w 40 3.9
Sep 12 51.1 178.9 w 47 4.7
Sep 12 51.3 179.1 W 33 3.8
Sep 12 51.4- 179.2 w 48 3.9
Sep 12 51.3 179.2 w 53 5.6
Sep 12 51.2 179.2 w 49 4.5
Sep 12 51.1 179-2 v/ 45 4.0







Sep 13 51.1 179.1 W 55 4.2
Sep 13 51.4 179.5 W 56 4.6
Sep 14 51.4 179.5 W 55 4.2
Sep 14 51.2 179.2 W 42 4.5
Sep 15 50.1 178.5 E 51 4.4
Sep 15 51.9 175.5 E 50 5.2
Sep 15 55.5 167.1 W 46 4.0
Sep 16 51.9 176.0 W 62 4.0
Sep 25 52.2 169.4 w 5 4.3
Sep 26 52.3 169.5 W 8 4.6
Sep 26 52.9 167.0 W 52 4.2
Sep 28 52.4 169.6 W 21 4.3
Sep 29 51.7 177.1 W 60 4.4
Oct 2 51.4 179.2 E 1 6,5
Oct 4 51.2 178.6 E 29 4.0
Oct 6 52.6 175.9 W 165 5.9
Oct 7 51.2 179.6 W 45 4.8
Oct 9 52.3 169.5 W 22 5.1
Oct 14 52.4 171.4 w 80 4.7
Oct 18 52.4 175.4 E 24 5.6
Oct 19 51.5 178.5 W 41 4.8
Oct 21 52.5 169.4 w 24 4.3
Oct 21 51.5 179.2 W 48 5.9
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Date Coordinates Depth
Lat., N Long., (Km )
Oct 22 52.2 169.4 w 33
Oct 24 52.4 168.6 w 33
Oct 24 51.2 179.2 w 43
Oct 25 51.3 177.7 w 47
Oct 26 52.0 179.8 w 163
Oct 26 52.5 168.6 W 2
Oct 26 51.6 177.9 W 41
Oct 28 51.3 176.8 w 45
Oct 31 51.3 179.0 w 49
Oct 31 51.2 178.9 w 48
Oct 31 51.1 179.0 w 47
Nov 1 51.2 179.0 w 47
Nov 4 51.1 179.1 w 45
Nov 4 52.4 169.6 w 42
Nov 5 51.0 179.3 w 45
Nov 6 51.5 178.9 w 36
Nov 7 51.2 00•1—1 w 45
Nov 8 51.5 178.3 w 53
Nov 11 51.3 179.0 w 45
Nov 11 51.3 178.9 w 46
Nov 11 51.3 179.0 w 49
Nov 12 53.0 168.3 w 53


























Date Coordinates Depth Mag.
Lat., N Long., (Km )
Nov 15 53.4 169.1 W 163 4.2
Nov 15 51.5 175.5 W 92 3.9
Nov 16 51.2 177.8 E 30 4.1
Nov 17 31.5 177.2 E 41 4.6
Nov 23 51.5 178.4 E 69 4.5
Nov 25 51.4 179*2 W 34 4.3
Nov 26 51.2 179.9 E 43 4.2
Nov 30 51.8 178.9 W 33 3.9
Dec 1 51.3 179.9 E 65 4.1
Dec 3 51.6 177.0 W 58 4.1
Dec 6 53.2 166.8 W 78 4.4
Dec 15 51.4 179.5 W 35 4.6
Dec 20 51.7 173.5 W 38 4.0
Dec 22 ■52.5 168.1 w 33 5.2
Dec 24- 52.6 168.4 w 24 4.5
Dec 26 53.0 170.1 w 33 4.5
Dec 30 51.4 179.5 w 33 4.4









Jan 13 51.7 175.7 W 4-5 4-.0
Jan 13 55.5 166.8 ¥ 37 4-.3
Jan 13 55.5 166.8 ¥ 69 4.1
Jan 16 51.4 175.8 ¥ 63 4-.0
Jan 17 55.5 175.6 ¥ 230 3.8
Jan 22 51.2 177.5 E 38 5.3
Jan 26 55.8 165.5 ¥ 51 4.4-
Jan 30 51.5 178.6 ¥ 39 4.3
Feb 6 51.6 179.6 ¥ 75 3.8
Feb 7 52.1 178.3 E 136 4-.5
Feb 8 50.6 172.4- ¥ 15 5.0
Feb 18 52.1 175.5 E 59 5.0
Feb 20 51.8 177.9 E 80 4-.5
Feb 21 52.7 167.7 W 21 3.7
Feb 23 51.5 177.4- ¥ 4-4- 4-.1
Feb 26 51.2 170.0 ¥ 33 4.4-
Feb 27 50.1 179.6 ¥ 20 6.0
Feb 27 50.1 179.8 ¥ 25 5.0
Feb 27 50.1 179.6 ¥ 38 4-.2
Feb 27 50.0 I79.7 ¥ 35 4-.8
Feb 27 50.1 179.6 ¥ 18 4-.6
Feb 27 50.2 179.7 ¥ 33 4-.8
Feb 27 50.0 179.8 ¥ 24- 4.5
T 1469 130
Date Coordinates Depth
Lat., N Long., (Km )
Feb 27 30.1 179.9 W 24
Feb 28 31.3 178.9 W 45
Feb 28 30.1 179.8 w 33
Feb 28 30.1 179.6 w 9
Feb 28 50.0 179.8 w 33
Feb 28 50.1 179.8 w 33
Feb 28 52.7 173.1 w 162
Mar 2 50.1 179.7 w 33
Mar 6 30.3 179.9 w 33
Mar 8 30.2 179.7 w 33
Mar 8 30.1 179.7 w 26
Mar 8 52.2 169.7 w 32
Mar 10 30.1 180.0 w 23
Mar 11 30.2 179.6 w 37
Mar 12 30.1 179.6 w 33
Mar 13 51.7 173.3 E 57
Mar 14 52.0 178.8 ¥ 98
Mar 17 50.0 179.8 W 18
Mar 19 30.0 179.7 W 15
Mar 19 31.3 173.8 E 16
Mar 20 51.2 173.7 E 14
Mar 23 51.2 OJ•[>- 1—1 W 47


























Date Coordinates Depth Mag.
Lat., N Long., (Km )
Mar 24- 51.4 173.9 E 12 4-.9
Mar 26 50.7 173.0 W 4- 4.7
Mar 29 51.4 174-.1 E 39 4.3
Mar 31 31.2 179.2 W 4-2 4-.1
Mar 31 51.9 176.0 W 76 5.0
Apr 3 31.6 177.0 W 52 4-.0
Apr 3 31.8 173.3 w 57 5.0
Apr 9 30.1 179.7 w 33 4-.0
Apr 11 51.4 178.3 W 4-3 4-.6
Apr 12 51.5 178.5 w 4-7 5.2
Apr 18 53.6 166.1 W 50 4.7
Apr 26 33.0 171.5 E 4-1 5.8
Apr 29 32.3 173.4- W 91 5.1
Apr 29 50.1 179.5 w 16 4.1
Apr 29 31.8 177.0 E 52 5.0
May 4 51.4 179.2 W 4-4- 5.2
May 9 4-9.9 180.0 E 12 4.9
May 13 51.6 176.8 W 34* 3.9
May 13 31.5 176.7 W 55 4.0
May 17 33.1 171.0 E 38 4.6
May 18 51.3 170.8 W 33 4.3
May 20 51.5 178.5 w 4-8 5.7




Jun 1 51.5 178.8
Jun 5 52.2 170.5
Jun 8 51.4 179.5
Jun 13 51.6 178.3
Jul 2 51.5 179.1
Jul 18 51.4 178.5
Jul66 52.3 179.9
Jul 8 52.4 172.1
Jul 11 50.7 179.3
Jul 11 51.2 179.2
Jul 17 51.0 171.3
Jul 28 54.1 165.9
Jul 14 51.4 174.4
Jul 18 51.0 178.4
Jul 19 51.1 178.7
Jul 21 53.0 168.7
Jul 24 52.1 171.4
Aug 2 51.7 176.9
Aug 4 53.5 166.9
Aug 3 51.1 179.5
Aug 12 51.4 179.2
Aug 13 51.8 175.5






























Aug 16 55.0 174.6
Aug 23 51.8 173.9
Aug 30 52.0 179.7
Aug 30 52.8 177.7
Sep 7 51.8 168.2
Sep 12 53.1 172.1
Sep 19 51.6 167.6
Sep 19 51.7 176.5
Sep 20 51.5 176.2
Sep 22 52.4 169.5
Sep 23 51.4 179.4
Oct 2 52.9 173.2
Oct 4 51.6 178.9
Oct 7 50.5 177.7
Oct 8 50.4 176.2
Oct 9 51.4 178.4
Oct 10 50.2 178.6
Oct 12 51.9 175.4
Oct 14 51.2 178.2
Oct 16 53.0 167.7
Oct 20 51.3 178.5
Oct 21 51.4 174.3

































Oct 23 52.4 176.0 W 163 4.5
Oct 31 51.2 179.4 ¥ 39 5.0
Nov 1 32.0 174.7 w 86 4.5
Nov 2 52.4 174.6 ¥ 159 3.8
Nov 20 51.3 179.9 w 40 5.1
Nov 20 51.4 178.3 W 34 5.1
Nov 21 52.3 178.6 ¥ 170 3.8
Nov 23 31.5 179.3 E 69 4.0
Dec 1 32.4 169.1 W 60 5.2
Dec 1 51.4 175.3 w 36 5.6
Dec 1 51.4 175.3 w 46 4.6
Dec 2 51.4 175.2 ¥ 57 5.4
Dec 2 51.4 175.2 W 46 4.3
Dec 2 51.3 175.0 W 38 4.1
Dec 2 51.4 175.3 w 49 4.3
Dec 2 31.4 175.2 ¥ 52 5.2
Dec 2 31-2 175.3 w 59 4.3
Dec 6 51.4 175.4 W 65 4.1
Dec 7 30.8 179.2 W 23 3.9
Dec 10 33.1 169.8 W 48 5.5
Dec 14- 53.0 169.9 w 50 5.3
Dec 14- 53.0 170.0 w 54 5.2







Dec 15 53.1 170.1 W 72 4.5
Dec 16 51.3 174.9 w 37 4.9
Dec 21 53.0 174.7 w 223 4.1
Dec 24- 51.5 178.3 w 53 5.3
Dec 29 51.8 175.2 W 64 4.7
T 1469
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